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Introduction
When enterprises see their productivity, quality, or regulatory compliance chal-
lenged, they often set up process-aware information systems like ERP systems
to bring about fundamental improvements. But without a proper understand-
ing of the business processes that need to be supported, they are doomed to
fail [4]. Mapping business processes as graphical models is an important step
in this kind of initiatives. It is estimated that organizations that had the best
results spent more than 40 percent of the total project time on discovery and
construction of their initial process model [8].
Business process modeling software has greatly eased the standardization,
storage, and sharing of diagrams. But despite existing tool support, there is a
notable uncertainty among practitioners about how to create process models that
analysts and business professionals can easily analyze and understand. Available
modeling frameworks and guidelines, for instance [7, 2], provide insight into the
major quality categories, but remain too abstract to be directly applicable in
practice.
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Against this background, we propose a set of seven guidelines for process
modeling, called 7PMG. Each of its elements is based on findings from sound
quantitative research into the relationship between process modeling styles on
the one hand and both model understanding and error-proneness on the other.
In this way, 7PMG not only contrasts earlier work that has been criticized for
its lack of empirical foundation [12]. It also offers guidance that practitioners
can apply in their business-process centered initiatives straightaway.
An Example Process
To illustrate 7PMG, we use the example shown in Figure 1. The model describes
the complaint process of a Dutch governmental agency as it was modeled by the
people in this organization. It was constructed without considering 7PMG and,
as will be shown, can be improved using our guidelines. The model follows the
Event-driven Process Chains (EPC) notation, one of the most popular modeling
techniques in industry. In an EPC, so-called functions (green rectangles) corre-
spond to the various tasks that may need to be executed (e.g. “Register receipt
date of complaint letter”). Events (red hexagons) describe the situation before
and after a function is executed (e.g. “Customer at desk”). Logical connectors
(grey circles) define routing rules. In particular, there are three types of connec-
tors: the logical AND for concurrency, XOR for exclusive choices, and OR for
inclusive choices. These routing elements are also included in other modeling
languages like BPMN, YAWL, or UML Activity Diagrams.
The given model roughly describes the following procedure for handling com-
plaints. A new case is opened if a new complaint is received – be it as a phone
call, as a personal contact, or as a letter. In some situations, the complaint
must be referred, either internally or externally. Internal referrals have to be
put on the incident agenda, while external referrals require a confirmation. In
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both cases the referral can be archived concurrently. Finally, the complainant
is informed. If no referral is required, a complaint analysis is conducted. Later,
the complaint is archived and the complainant is contacted, with an optional
follow up.
The 7PMG guidelines
7PMG provides a set of recommendations on how to build a process model from
scratch and for improving existing process models. Each of the guidelines G1
to G7 builds on empirical research into the connection of model characteristics
and both understandability and error-proneness as reported in [10, 11, 9].
G1 Use as few elements in the model as possible. The size of the model has
undesirable effects on understandability and likelihood of errors: Larger
models tend to be more difficult to understand [10] and have a higher error
probability than small models [11, 9].
G2 Minimize the routing paths per element. The higher the degree of an el-
ement in the process model, i.e. the number of input and output arcs
together, the harder it becomes to understand the model [10]. As shown
in [9] there is a strong correlation between the number of modeling errors
and the average or maximum degree of elements in a model.
G3 Use one start and one end event. The number of start and end events
is positively connected with an increase in error probability [9]. Most
workflow engines require a single start and end node [1]. Moreover, models
satisfying this requirement are easier to understand and allow for all kinds
of analysis (e.g., soundness checks).
G4 Model as structured as possible. A process model is structured if every split
connector matches a respective join connector of the same type. Struc-
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Figure 1: The original complaint process model
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tured models can be seen as formulas with balanced brackets, i.e., every
opening bracket has a corresponding closing bracket of the same type.
Unstructured models are not only more likely to include errors [9], people
also tend to have problems understanding them [10].
G5 Avoid OR routing elements. Models that have only AND and XOR con-
nectors are less error-prone [9]. Furthermore, there are some ambiguities
in the semantics of the OR-join leading to paradoxes and implementation
problems [6].
G6 Use verb-object activity labels. We recently carried out an experiment at
Eindhoven University of Technology with 29 students on the basis of the
model in Figure 1. Without providing them any prior classification, stu-
dents were asked which three labels they considered as most ambiguous.
Labels that followed a verb-object style, like “Inform complainant”, had
a probability of 0.13 to be mentioned. In contrast, that probability was
almost twice as high for action-noun labels (e.g. “Complaint analysis”)
and five times as high for the remaining group of labels (e.g. “Incident
agenda”). The respondents also perceived labels in verb-object style sig-
nificantly more useful than other labels.1
G7 Decompose the model if it has more than 50 elements. This guideline relates
to G1 that is motivated by a positive correlation between size and errors.
For models with more than 50 elements the error probability tends to
be higher than 50% [9]. Therefore, large models should be split up into
smaller models.
These seven guidelines are summarized in Table 1.
1significant at a 95% confidence level
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Table 1: Overview 7PMG
G1 Use as few elements in the model as possible
G2 Minimize the routing paths per element
G3 Use one start and one end event
G4 Model as structured as possible
G5 Avoid OR routing elements
G6 Use verb-object activity labels
G7 Decompose a model with more than 50 elements
Guideline Application
To illustrate 7PMG, we will show how the recommendations can be used to
transform the complaint handling process model. Figure 2 shows areas of the
model marked and labeled with guideline identifiers. In Figure 3, a transformed
model is shown which results from the application of 7PMG. In what follows,
we will consider the application of the guidelines one by one.
The original complaint process model has a problem of redundant informa-
tion, since there are lots of events that do not provide any additional insight.
This can be seen, for example, in the model where event “Complaint must be
archived” is followed by the function “Archiving system” (see the part of Fig-
ure 2 that is marked with G1). This issue stems from a strict alternation of
events and functions which is often mentioned as a syntax requirement for EPCs,
even though semantics formalizations (see e.g. [6]) do not require it. Motivated
by G1 and reasoning that most of the events do not add much communicative
value here, we remove the superfluous ones.
In the original model, there is an XOR-connector with a high degree of six
(the connector in Figure 2 marked with G2). At the connector’s input side, it
merges three alternative ways in which complaints enter the department. At its
output side, it splits the further processing into three alternative routes. In the
spirit of G2, the same routing logic is expressed in the transformed model with
two subsequent connectors, both of a lower degree.
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The original model has three different starting points and two different end-
ing points. This is problematic as it is not directly obvious what the start and
end conditions are. By adhering to G3, only a single start and a single end
remain in the transformed model. Note that after the earlier application of G1,
these are the only remaining events in the transformed model.
The referral of a complaint in the original model is modeled in an unstruc-
tured way such that the routing is difficult to understand (see the G4 part of
Figure 2). There are alternative routes for internal and external referrals, each
of which spawns off two concurrent routes. But to exploit the fact that either
type of referral must be archived anyway, a sequence of logical connectors is
used that does not reflect this. Following G4, we represent the same logic in a
structured way. Now, the archiving for internal and external referrals is mod-
elled within each of the alternative paths. Even though this modification leads
to a somewhat larger model, we gain in terms of structuredness since a larger
part of the model now has properly nested connectors.
An OR-join is used at the right branch of the original model, which is known
to be problematic (see the G5 part of Figure 2). When a complaint is handled
immediately and not referred, the procedure requires that (i) the complainant
must be contacted, (ii) the complaint must be archived, and (iii) there is an
optional follow-up that needs to take place. Two of the three paths leading
to the OR-join in Figure 2 need to be synchronized. On the basis of G5 this
OR-join is removed and replaced by an equivalent but more readable construct.
The labels of the events and functions in the original model tend to differ in
grammatical style and, in general, are quite long. For example, two functions at
the top are labelled “Complaint to be written down with form AZ2” and “Reg-
ister receipt date of complaint letter”. Inspired by G6, the alternatives “Write
down complaint” and “Register letter receipt date” are used in the transformed
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model. Whether essential information is lost in this way, e.g. by not mentioning
the specific form that must be used, depends on the exact purpose of the model
and should be decided contextually.
The G7 decomposition recommendation is not applicable to the original
model, as its number of modeling elements, i.e. functions, events, and connectors
together, is already below 50. In fact, the overall number decreases from 37 in
the original model to 31 in the transformed one, in particular as a result of the
application of G1.
It is important to note that the application of 7PMG that leads to the
model in Figure 3 does not touch the logic that is behind the original model. In
fact, both models have the same behavior modulo branching bisimulation [5].
Both EPCs can be automatically translated to a transition system capturing
the precise behavior and these transition systems are bisimilar, i.e., any state or
sequence of actions in one model can be mimicked by the other model and vice
versa. Note that in this case we abstract from silent steps (e.g., invisible actions
related to the handling of superfluous events) and unify the naming of functions
in both models. Although the behavior did not change by restructuring, renam-
ing, and reducing the original model, (i) it has become more understandable
to humans and (ii) the risk is reduced that errors are introduced when it is
modified or extended.
Beyond 7PMG
While 7PMG directly aims to bring support to process modelers, findings from
our research suggest ways to deal with typical managerial questions that relate
to process modeling. We will consider three of them here.
What modeling technique to select? Over the last couple of decades many
different process modeling techniques have been proposed. Vendors and stan-
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dardization bodies have a tendency to come up with new diagramming tech-
niques without any empirical or theoretical validation. Given G1 the technique
should offer a compact representation of processes. Beyond that, other factors
like semantical clarity and analysis features are important.
Which modeling tool to use? The selection of a particular modeling tech-
nique determines to some extent what modeling tool to use and vice versa. An
additional selection criterion, based on the guidelines we discussed, would be to
favor modeling tools that further support the modeling process. For example,
tools could warn users if their model becomes too large (G1) or if it contains
connectors with a large degree (G2). It is also important that a modeling tool
allows for different views, e.g., the user should be able to dynamically choose the
preferred level of granularity and select a combination of perspectives without
actually changing the model.
Should modelers be trained? A popular viewpoint is that vendors are re-
sponsible for providing modeling tools that are utterly fool-proof. Following this
line of reasoning, anybody should be able to model. Empirical evidence sug-
gests that modeling competence can make a difference [10]. An experiment we
carried out to investigate this involved students from three different European
universities. Although process modeling was part of the curriculum of each of
the three groups, the amount of time spent on this subject differed. Students
that were trained longer in process modeling and analysis, were also better able
to understand the process models that they were faced with [10]. In other words:
Training modelers pays off.
Conclusion
Since the pioneering efforts in the field [3], process modeling has boomed – both
as a professional activity and as a research subject. In recent years, important
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insights have accumulated in academia showing when designers make errors
and what kinds of constructs are difficult to understand. Unfortunately, these
insights are not used in current practise. In this regard, 7PMG is an important
tool of knowledge transfer since it translates research findings into a concise
yet concrete set of guidelines for the day-to-day practice of process modelers.
And as 7PMG can help to create better process models, process modelers will
become more effective in helping their enterprises to address the challenges of
today.
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